
iEC',RTCLA3'F CA0N OF -:75 -3AGE.

REPOR OOCMENTTIONPAGEFormn Appioj,

REPORT~ ~ DOUMNATO PGOMNo. 0704.0 r88
la. RE PORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS

UNCLASSTFIf None
20. SECURITY CLASSI, 3. DISTRIBUTION /AVAILABILITY OF REPORT

__________Approved for public re-lease;
2b. DECLASSIFICATIO A D A 2 3 O 5 4 is trib~ t 1 01 i ! -1 i i t d .

4. PERFORMING OR( S. MONITORING ORGANIZATION REPORT NUMBER(S)

nVA/525723/MS9O E0t u) ~ 2
116AEQFPRVLGOGNIAIN 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

iverity irgnia(if applicable)
Department of Materials SineAir Force CC fice of Scientific Reszearch

6C. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City State, and ZIP Code)
Department of >aterialS cio-nce RIuildin 141

Thornton Hall Bolling Air Force Base
Charlottesville, VA 22901 lashington, D.C. 20332-6448

Sa. NAME OF FUNDING/ SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)

AFOSR/NE AFOSR-90-0143
SC. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Building 410 PROGRAM IPROJECT ITASK IWORK UNIT
Boiling Air Force Base ELEMENT NO. NO. NOACCESSION NO

t~ashington, D.C. 20332-6448 I.IQjC" 2306 IAl
11. TITLE (include Security Clasification)

Fundamental Conce ts Relating Local Atomic Arrangement, Deformation and Fracture of

12. PERSONAL AUTHOR(S)
E.A. S5tarke, Jr. and J..A. Wa4rt

13a. TYP~ OF REPORT I13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) 15. PAGE COUNT
,\nnual I~ FROMIZ/L/90 TO I~eIp 90 December I 9

16. SUPPLEMENTARY NOTATION

17. COSATI CODES 1S. SUBJECT TERMS (Continue on reverse if necessary and identif by block number)
FIELD GROUP SUB-GROUP

9,ASRCT (Continue on reverse if necessary and identify by block number)

e bective of this research program is to identify relationships betw;2en characteristics
of intermetallic. alloys at an atomic scale, the operation of slip and twinning deformation
mechanisms at a microstructural scale, and bulk deformation and fracture properties. Our
research focuses on two fundamental aspects of the problem of low toughness of intermetallic
alloys: The role of deformation twinning in promoting ductility and toughness of
ordered intermetallic alloys, and modeling the effect of dislocation characteristics on
crack tip plasticity.

.yD DIC
T4 N09 199

20. DISTRIBUTION /AVAILABILITY OF ABSTRACT ELECTEATSEURT CASII
IUNCLASSIFIEOIJNLIMITED 03 SAME AS RPT [0 OTIC USERS Unclassified

22a. NAME 0 PONSIBL DUbL 2 b. TEL HO E (InI r Coe)22c. FFI MOOL

00 Form 1473, JUN 86 Pre vious editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE



FUNDAMENTAL CONCEPTS RELATING LOCAL ATOMIC ARRANGEMENT

DEFORMATION AND FRACTURE OF INTERMETALLIC ALLOYS

Aooesslon For

NTIS GRA&I
DTIC TAB
Unannounced

ANNUAL TECHNICAL REPORT Justification

AFOSR-90-0143 __

December 1990 Distribution/
Availability Codes

Avail and/or
Dist Special

Edgar A. Starke, Jr. and John A. Wert

Department of Materials Science and Engineering

School of Engineering and Applied Science

University of Virginia

Charlottesville, VA 22901

The objective of this research program is to identify

relationships between characteristics of intermetallic alloys at an

atomic scale, the operation of slip and twinning deformation

mechanisms at a microstructural scale, and bulk deformation and

fracture properties. Our research focuses on two fundamental

aspects of the problem of low toughness of intermetallic alloys:

The role of deformation twinning in promoting ductility and

toughness of ordered intermetallic alloys, and modeling the effect

of dislocation characteristics on crack tip plasticity.



Part I: Progress

In Part I we seek to establish the role of deformation

twinning in promoting ductile behavior in intermetallic alloys, and

to ideLitify how twinning is influenced by characteristics of thc

ordered structure. We have selected, for this study, Al3Nb alloys

with additions of various transition elements. Five different

compositions have been prepared to date: 75at.%Al-35at.%Nb; 75

at.%Al-23.75at.%Nb-l.25at.%Ti; 75at.%Al-22.5at.%Nb-2.5at.%Ti;

75at.%Al-20at.%Nb-5at.%Ti; 75at.%Al-12.5at.%Nb-12.5at.%Ti. The

alloys were prepared using elemental powders of aluminum, niobium

and titanium by a solid/liquid reaction synthesis. The elemental

powders were blended together in the appropriate stoichiometric

ratios, canned, degassed, sealed in vacuum, heated to melt the

aluminum and to complete the reaction, and finally HIPed under

argon to fully densify the reaction product. Light metallography

revealed a very fine, uniform grain structure. However, in some

cases a discrete. cell-like structure, believed to be a second

phase, was obtained.

X-ray diffraction analysis indicated that the major phase, in

excess of 95 volume percent, for all alloy compositions was Al3Nb.

Weak diffraction lines from other phases were also detected and the

intensity of these extraneous diffraction lines increased with

titanium content. This observation is consistent with the light

metallographic examination which also revealed that the percentage

of second phase increased with titanium content. We have not

identified the structure of the second phase at this time.
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However, these results indicate that the substitution for Nb by Ti

may not be very high, i.e. probably less than 20%.

We have identified some problems associated with sample

preparation which we are attempting to correct. Using SEM and EDS

we have concluded that we have a contamination of Fe, Ni, and Cr in

our final product. These impurities are from the stainless steel

tube that was employed for the synthesis at 9001C and is associated

with the liquid/solid reaction. We are now attempting to prepare

samples by arc-melting prior to using the HIP.

The long-range order parameter is being determined as a

function of temperature for the various alloy compositions. In

addition we are measuring the hardness of the samples as a function

of temperature and will be examining the deformation behavior

adjacent to the hardness measurements. The major problems we have

encounted thus far have been associated with sample preparation.

However, we believe that we have identified all of the problems and

have developed processing methods to eliminate them. A sufficient

quantity of high purity samples should be available by the end of

the year to allow us to focus on the main objective of this

research, i.e. to establish atomic structure/deformation

relationships.

Part II: Progress

Low toughness is one of the principal factors preventing use

of ordered intermetallic alloys as engineering materials. Some

ordered intermetallic alloys have low toughness as a consequence of
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grain boundary fracture caused by poor grain boundary cohesion or

by segregation of impurities to grain boundaries. Other ordered

intermetallic alloys with low toughness exhibit transgranular

cleavage fracture prior to general yielding. Traditionally,

cleavage fracture has been associated with high-strength materials

(such as ceramics) in which crack tip plasticity is limited by the

high yield strength. However, many ordered intermetallic alloys

which exhibit cleavage fracture have low or moderate strength. The

goal of Part II of the present research project is to model the

behavior of dislocations in the crack tip region in several ordered

intermetallic alloys to identify the cause of cleavage fracture in

these materials.

In most materials, toughness results from crack tip plasticity

which reduces the high stress concentration at the crack tip. Rice

and Thomson [Phil. Mag., 29 (1974) 73] proposed that an energy

barrier can prevent dislocations from being emitted from crack tips

in some materials, thereby inhibiting crack tip plasticity. The

energy barrier is formed as a result of the interaction of a

dislocation with the stress field near the crack tip and with the

free surface of the crack, but it does not depend on the yield

strength of the material. The Rice-Thomson model has been tested

for a wide variety of materials and excellent correlation has been

found between the model results and the experimentally-observed

fracture mode.

A variety of ordered intermetallic alloys exhibit the

combination of low toughness and low or modest strength that is
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difficult to explain based on traditional fracture concepts. it is

possible that an energy barrier to dislocation emission from crack

tips is the cause of low toughness in these materials. However,

modeling of dislocation emission from crack tips in ordered

intermetallir. alloys requires modeling the complex dissociated

superlattice dislocation configurations that occur in these

materials. During the first part of the present research project,

a model for dislocation emission from crack tips in ordered

intermetallic alloys with the L12 crystal structure has been

formulated. The model involves numerical calculation of

dislocation energy as a function of position near a crack tip. The

model was formulated to simulate emission of perfect superlattice

dislocations, APB-coupled partial superlattice dislocation pairs,

and SISF-coupled partial superlattice dislocation pairs. The model

inputs are 5 material properties and 2 geometrical characteristics

of the slip system. The principal result is the activation energy

for emission of the various types of dislocations from a crack tip

in an L12 crystal.

The model results have been correlated with experimentally-

observed fracture modes for 7 ordered intermetallic alloys with the

L12 crystal structure. This comparison has led to definition of a

parameter (f) that describes the range of slip system orientations

for which there is no energy barrier to dislocation emission from

a crack tip. The results indicate that a critical value of f is

required for a material to be ductile or tough on a macroscopic

scale. Alloys with values of f below the critical value are not
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tough because crack tip plasticity cannot occur in a sufficient

number of grains.

In addition to accounting for low toughness in several ordered

intermetallic alloys with the L12 crystal structure, the model has

been used to predict changes in material properties that could

increase the toughness. The family of L12 intermetallic alloys

with composition (Al,X)3Ti (X = Ni, Fe, Cu, Pd, Cr, Mn) have

attractive physical, mechanical and environmental properties,

except for extremely poor room temperature toughness. Modeling

results indicate that lowering the APB or SISF energy of one of

these alloys to a value below about 150 mJ/m2 would be sufficient

to permit extensive crack tip plasticity. Unless other brittle

fracture modes intervene (such as grain boundary fracture) this

would have the desirable result of increasing the macroscopic

touqhness of the alloy. It is not known what alloying elements

could achieve this reduction of APB or SISF energy, but several

researchers in the US are investigating this family of alloys and

we have discussed the modeling results with them. A paper is in

preparation describing the results of this phase of the

investigation and the results will be presented at the TMS meeting

in February 1991 in New Orleans.

Modeling of dislocation behavior in the vicinity of crack tips

in ordered intermetallic alloys with the L12 crystal structure is

nearly complete. Based on the excellent correlation between

modeling results and experimental observations, it is appropriate

to extend the model to ordered intermetallic alloys with other

6



crystal structures. It is our intention to model dislocation

emission from crack tips in alloys with the B2 crystal structure

(for example: NiAl). Future work may also include experimental

evaluation to test model predictions and evaluation of the effect

of deformation twinning on crack tip plasticity and toughness of

ordered intermetallic alloys.
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